Abstract. The effect of thermal contact resistance in the elements of the graphite stack of the RBMK reactor on moderator temperature is studied. It is shown that estimation of the thermal contact resistance improves the accuracy of calculation of the graphite moderator temperature.
Introduction
One of the factors that determine the operational reliability and safety of nuclear power plants with water-graphite reactors is the reliability of the graphite moderator (stack) designed for the entire period of the reactor operation.
The graphite stack of the RBMK-1000 reactor has the shape of a cylinder with a diameter of 11.8 m and a height of 7 m made up of 2488 columns. The columns have vertical holes with pipes arranged inside as fuel channels (FC) and CPS channels. Fuel assemblies inside the channels are cooled by water with a temperature of 250...280 ºC [1] .
During operation of the reactor, a portion (5...6%) of its total thermal power is released in the graphite stack. This heat is also removed to the FC tubes. To ensure the thermal contact with blocks, the tubes are encircled with split graphite rings (Fig. 1) , and the sweep gas is supplied through the gaps between the tubes and blocks (reference composition of 10% nitrogen and 90% helium, by volume) [1, 2] . (1); outer graphite ring (2); gas gaps (3, 5) ; inner graphite ring (4); R i is thermal resistance; R ɫi is contact thermal resistance; r i is radius.
The design and schematics of the RBMK reactor plant make possible to change the composition of the sweep gas [1] .
The temperature field in the graphite stack primarily depends on the reactor power. The nitrogen content in the nitrogen-helium mixture (hereinafter, the sweep gas composition) affects the graphite temperature as well.
The graphite stack temperature is one of the main parameters that limit the RBMK reactor operation. In practice, it is assumed that the maximum graphite temperature should not exceed the threshold temperature of 750...800 ºC in all operational conditions of the reactor [2, 3] . In addition, variations in the average temperature of the graphite stack (moderator) cause changes in the reactor reactivity, as the RBMK units have a positive effect on reactivity relative to the moderator temperature [1, 3] .
Consequently, estimation of the temperature of the RBMK graphite stack is a crucial task.
Calculation technique
The temperature field of the water-graphite reactor stack is three-dimensional. The programs for numerical calculations of two-dimensional and three-dimensional temperature field are very complex. Therefore, various simplifications and assumptions should be performed to estimate the maximum temperature of graphite [4, 5] .
In the known method of calculating the maximum temperature of the RBMK reactor moderator [6] , thermal resistances of bearings and gas gaps act like electrical resistances. The circuit of resistances being made and simplified, an equivalent electric and hence thermal resistance of the gap graphite block-fuel channel tube can be evaluated (Fig. 1) .
Calculation results
The results of variants calculations of the temperature of an individual graphite block obtained by the considered technique are shown in Fig. 2 . The thermal conductivity of graphite in longitudinal p O and transverse t O directions was assumed to be 30 W/(m·K).
The analysis of the data in Fig. 2 shows that when the nitrogen content in the sweep mixture grows from 10 to 100%, the maximum corner temperature of the graphite block ang t increases by 5...15 qɋ depending on the value of the volumetric heat release in graphite v q .
These figures are significantly different from the experimental data reported in [2] , where the average coefficient of the effect of the mixture composition on graphite temperature is estimated in the range of 0.9...1.2 qɋ/%. It has been suggested that the reasons for this discrepancy can be unaccounted thermal resistances ci R at the junctions graphite block-outer ring, outer ring-inner ring, and inner ring-FC tube (Fig. 1) .
In order to determine the source of discrepancies between the calculated and experimental data related to the graphite temperature, the technique described above has been verified through inclusion of the above-mentioned additional contact thermal resistances. To calculate the latter, the criterion equation from [7] The analysis of the graphs in Fig. 3 and comparison with the data shown in Fig. 2 indicate that consideration of the contact thermal resistances significantly (1.07...1.15-fold) increases the specified temperature of the graphite moderator. The degree of the effect of the nitrogen content in the sweep mixture on the temperature level of the graphite moderator significantly (3...5-fold) increases as well.
